Effects of the brominated flame retardant tetrabromobisphenol-A (TBBPA) on cell signaling and function of Mytilus hemocytes: involvement of MAP kinases and protein kinase C.
Brominated flame retardants (BFRs) are a large group of compounds added to or applied as a treatment to polymeric materials to prevent fires. Tetrabisphenol A (TBBPA) is the most important individual BFR used in industry. Although TBBPA and its derivatives can be found in environmental samples, data are very limited on the presence of this compound in biota. Research on mammals indicates that TBBPA has low toxicity in vivo; however, in vitro TBBPA can act as a cytotoxicant, neurotoxicant, immunotoxicant, thyroid hormone agonist and has a weak estrogenic activity; in particular, the effects of TBBPA have been recently ascribed to its interactions with cellular signaling pathways, in particular with mitogen activated protein kinases (MAPKs). TBBPA has high acute toxicity to aquatic organisms, such as algae, molluscs, crustaceans and fish; however, little is known on the mechanisms of action of this compound in the cells of aquatic species. In this work, we investigated the possible effects and mechanisms of action of TBBPA on the immune cells, the hemocytes, of the marine mussel Mytilus galloprovincialis. The results demonstrate that TBBPA in the low micromolar range induces hemocyte lysosomal membrane destabilization. The effect was reduced or prevented by hemocyte pre-treatment by specific inhibitors of MAPKs and of protein kinase C (PKC). TBBPA stimulated phosphorylation of MAPK members and PKC, as evaluated by electrophoresis and Western blotting with anti-phospho-antibodies, although to a different extent and with distinct time-courses. A rapid (from 5 min) and transient increase in phosphoryation of the stress-activated JNK MAPKs and of PKC was observed, followed by a later increase (at 30-60 min) in phosphorylation of extracellularly regulated MAPKs (ERK2 MAPK) and of the stress-activated p38 MAPK. TBBPA significantly stimulated the hemocyte microbicidal activity towards E. coli, lysosomal enzyme release, phagocytic activity and extracellular superoxide (O2-) production. The results demonstrate that TBBPA in vitro activates the immune function of mussel hemocytes through kinase-mediated cell signaling and that common transduction pathways are involved in mediating the effects of this BFR in mammalian and aquatic invertebrate cells.